Trichloroethylene decomposition by fenton reaction and ultrasonic irradiation / Yuta Nakano ... [et al.] by Nakano, Yuta et al.

ESTEEM Academic Journal  




p-ISSN 1675-7939; e-ISSN 2289-4934 






ESTEEM ACADEMIC JOURNAL 
VOLUME 11, SPECIAL ISSUE 1, MARCH 2015 
Universiti Teknologi MARA (Pulau Pinang) 
 
ENGINEERING, SCIENCE & TECHNOLOGY 
 
ADVISORS 
Tan Sri Prof. Ir. Dr. Sahol Hamid Bin Abu Bakar, FASc 
Assoc. Prof. Dr. Ngah Ramzi Hamzah 
 
MANAGING EDITOR 
Dr. Nor Aziyah Binti Bakhari 
 
CHIEF EDITOR 
Dr. Ahmad Zia Ul-Saufie Mohamad Japeri 
 
TECHNICAL EDITORS 
Assoc. Prof. Sarina Binti Md. Jam  
Dr. Ng Set Foong 
Ainnie Rahayu Abdullah 
Che Noriah Othman 
Chew Yee Ming 
Faridah Binti Hussin 
Marina Mokhtar 
Noor ‘Aina Binti Abdul Razak 
Nor Aimi Abdul Wahab 
Rafizah Binti Kechil 
Salina Binti Hamed 
Shakirah Binti Mohd Abd. Rahman  
Siti Asmah Binti Mohamed 
 
LANGUAGE EDITORS 
Dr. Rushita Ismail 
Muriatul Khusmah Musa 
Nazima Versay Kudus    
Noraziah Binti Mohd Amin 
Nurul Bazilah Abd. Hamid 
Suzana Ab. Rahim 
ESTEEM Academic Journal  




p-ISSN 1675-7939; e-ISSN 2289-4934 
© 2015 Universiti Teknologi MARA (Pulau Pinang) 
 
ii 
Wan Noorli Razali 
 
REVIEWERS 
Prof. Dr. Wan Saime Wan Ngah (Universiti Sains Malaysia, Penang) 
Assoc. Prof Dr Mohamed Hasnain Isa (Universiti Teknologi Petronas) 
Assoc. Prof Dr Mohamed Khalifa (Taif University, Saudi Arabia) 
Assoc. Prof. Dr. Shanker Kumar Sinnakau  (Universiti Teknologi Mara (Pulau Pinang)) 
Dr Irshad Ul Haq Bhat (Universiti Malaysia Kelantan) 
Dr Melati Khairuddean (Universiti Sains Malaysia) 
Dr. Javad Tabatabaei (Islamic Azad University, Meymeh, Iran).  
Dr. Maher Elbayoumi (University Sains Malaysia) 
Dr. Norazian Mohamed Noor (Universiti Malaysia Perlis) 
Dr. Normi Binti Abdul Hadi (Universiti Teknologi MARA,  Malaysia). 
Dr. Norzahir Sapawe (Universiti Teknologi Malaysia) 
Dr. Pejman Hadi (Hong Kong University of Science and Technology) 
Dr. Suria Haron (Universiti Teknologi Mara (Pulau Pinang)) 
Dr. Wesam Al Madhoun (Islamic University of Gaza, Palestine)  
Fadzil Hj.Ahmad (Universiti Teknologi Mara (Pulau Pinang)) 
Mat Tamizi Zainuddin (SIRIM Berhad) 























ESTEEM Academic Journal  




p-ISSN 1675-7939; e-ISSN 2289-4934 
© 2015 Universiti Teknologi MARA (Pulau Pinang) 
 
iii 
CONTENTS OF JOURNAL 
 
 
1. Trichloroethylene Decomposition by Fenton Reaction and Ultrasonic 
Irradiation 
Yuta Nakano, Shigeru Kato, Takuya Ito, Hideki Suganuma, Seiichi Suzuki and 
Toshinori Kojima 
    
1 
   
2. Water Quality of Rivers that Flow Into Bakun Hydroelectric Dam 
Reservoir, Sarawak, Malaysia 
Teck-Yee Ling, Lee Nyanti and Annestasia Simbut John Masion  
    
9 





 Removal by Chemically Modified Silica Gel with 
Amidoxime 
Eddy Mohd Farid Mohd Yusslee, Md. Lutfor Rahman and Sazmal Effendi Arshad 
    
17 
   
4. Continuous Biodiesel Production with Anion-Exchange Resin 
Takuya Ito, Yusuke Kakuta, Katsumi Hirano, Hideki Suganuma, Shigeru Kato, Seiichi 
Suzuki and Toshinori Kojima 
    
26 
   
5. Agglomeration Mechanism During Biomass Carbonization in Fluidized 
Bed 
Chihiro Ohashi, Toshiyuki Iwasaki, Takuya Ito, Hideki Suganuma, Seiichi Suzuki and 
Toshinori Kojima 
    
35 
   
6. Elaboration of Photoactive TiO2 Particles by CVD: Effect of 
Operational Parameters 
Ayumi Mameda, Masahiko Shioi, Yuka Sakai, Takuya Ito, Shigeru Kato, Akihiro 
Yamasaki, Seiichi Suzuki and Toshinori Kojima  
    
44 
   
7. Structural Change of Lithium Ion Battery Caused by Repetitive Charge 
and Discharge 
Seiichi Suzuki, Taiki Katayama, Hiroyuki Tsunoda, Toshiyuki Iwasaki, Takuya Ito, 
Hideki Suganuma, Shigeru Kato and Toshinori Kojima 
    
54 
   
8. Dynamic Flow Treatment of Monoethanolamine (MEA) Wastewater 62 
ESTEEM Academic Journal  




p-ISSN 1675-7939; e-ISSN 2289-4934 
© 2015 Universiti Teknologi MARA (Pulau Pinang) 
 
iv 
Using Activated Carbon, Chitosan and Rice Husk 
Mohd Najib Razali, Noor Adilah Md Salehan and Nurul Asmawati Roslan 
    
   
9. FT-IR Analysis on the Inclusion Complex of Β-Cyclodextrin with 
Quercetin, Naringenin, 3-Hydroxyflavone and Chrysin Via Different 
Preparation Methods 
Noor Amilia Khosim, Ainnie Rahayu Abdullah and Marina Mokhtar 
    
72 
   
10. Water Quality of Bakun Hydroelectric Dam Reservoir, Sarawak, 
Malaysia, During the Construction of Murum Dam 
Lee Nyanti, Teck-Yee Ling and Theresa Muan 
    
81 
   
11. Food Chain and Carbon Accumulation in Mangrove Plantation Areas in 
Thailand 
Shigeru Kato, Savettachat Boonming, Kan Chantrapromma, Suthira Thongkao, 
Sangob Panichart, Sanit Aksornkoae, Prasert Tongnunui, Woraporn Tarangkoon and 
Toshinori Kojima 
    
89 
   
12. Identification of Tacca Chantrieri (Dioscoreaceae) through Anatomical 
and Morphological Characters  
Nor Nafizah Mohd Noor, Wun Shun Jie, Fatimah Mohamed, Norhayati Daud & 
Hasimah Alimon  
    
99 
   
13. Preliminary Toxicity Test and Phytochemical Screening of Sargassum 
Polycystum Crude Extracts from Marine Macroalgae 
Norhayati Daud, Nor Nafizah Mohd Noor,  Hasimah Alimon and Nursuhaidah Abdul 
Rashid 
    
109 
   
14. Ionizing Radiation Knowledge Amongst Medical Support Staff: A 
Preliminary Study 
Nor Azwa Yunus, Mohd Haris Ridzuan Ooi Abdullah, Mohamad Aminudin Said & 
Pei Eng Ch’ng 
    
117 
   
15. New Genetic Operator for Solving the Travelling Salesman Problem 
Fadzilawani Astifar Alias, Maisurah Shamsuddin, Siti Asmah Mohamed and Siti 
Balqis Mahlan 
    
127 
ESTEEM Academic Journal  




p-ISSN 1675-7939; e-ISSN 2289-4934 
© 2015 Universiti Teknologi MARA (Pulau Pinang) 
 
v 
   
16. Analysis of PM10 Using Extreme Value Theory 
Hasfazilah Ahmat, Ahmad Shukri Yahaya, Nor Azam Ramli, Ahmad Zia ul-Saufie 
Mohamad Japeri and Hazrul Abdul Hamid  
    
135 
   
17. Effects of Air Pollution on Human Health: Perspective of University 
Students  
Norazah Umar, Ahmad Zia Ul-Saufie, Siti Balqis Mahlan and Maisurah Shamsuddin  
    
144 
   
18. Coastal Mapping Using Unmanned Aerial Vehicle (UAV) System: Case 
Study Cyrstal Bay, Alai Melaka 
Norhadija Darwin, Anuar Ahmad, Othman Zainon and Zulkarnaini Mat Amin 
    
150 
   
19. Generating the Artistic Shapes Using Superformula 
Rafizah Kechil, Zuraira Libasin and Wan Anisha Wan Mohammad 
    
158 
   
20. Application of Mathematical Model for Assessment of River 
Morphology: A Case Study of Titas River 
Muhammad Anowar Saadat, Mir Abdus Subhan and Imran Khan 



















ESTEEM Academic Journal  




p-ISSN 1675-7939; e-ISSN 2289-4934 
© 2015 Universiti Teknologi MARA (Pulau Pinang) 
 
1 
TRICHLOROETHYLENE DECOMPOSITION BY 
FENTON REACTION AND ULTRASONIC 
IRRADIATION 
Yuta Nakano1, Shigeru Kato2, Takuya Ito3, Hideki Suganuma4, Seiichi Suzuki
5 and Toshinori 
Kojima6 
 1,2,3,4,5,6Dept. Materials and Life Science, Seikei Univ., Japan  
3takuya.ito@st.seikei.ac.jp, 2s10870@cc.seikei.ac.jp, 1dm146110@cc.seikei.ac.jp, 
4h.suganuma.yf19.frx99@gmail.com, 5seiichi@st.seikei.ac.jp, 6kojima@st.seikei.ac.jp 
ABSTRACT 
Trichloroethylene (TCE) is known as one of the persistent pollutants of soil and 
groundwater. TCE has carcinogenicity and should urgently be decontaminated. 
In this research, Fenton reaction and ultrasonic (US) irradiation were used for 
TCE decomposition as low cost and widely targetable advanced oxidation 
processes. First of all, our previous results related to the TCE decomposition is 
reviewed.  Then the recent results are reported. Reaction temperature was set at 
15℃  in order to prevent TCE volatilization. By the ultrasonic irradiation 
method, it was confirmed that the distribution of the US strength is also most flat 
inside the reaction vesssel, except the vicinity of the bottom, and TCE was slowly 
decomposed at constant rate irrespective of the fluctuation of power of the 
transducer. For the Fenton reaction, TCE-saturated solution (1.0 g/L) added 
with Fe ion was mixed with hydrogen peroxide solution. The decomposition rate 
of TCE by the Fenton reaction was measured and compared using both of 
ferrous ion (Fe2+) and ferric ion (Fe3+). Fairly amount of TCE was immediately 
decomposed after a reaction start (mixing of solutions) when Fe2+ was used.  
Keywords: TCE; Fenton reaction; ultrasonic wave; composition reaction; decomposition. 
1. INTRODUCTION 
Volatile organic compounds (VOCs) such as trichloroethylene (TCE) are known as 
contaminants in soil and groundwater. TCE has carcinogenicity and should urgently be 
decontaminated. As a result, various decontamination processes for polluted soil and 
groundwater have been developed. So far, we have used Fenton reaction and ultrasound 
radiation for the decomposition of volatile organic compounds (VOCs), especially TCE. 
OH radicals have a powerful oxidizing potential which is produced from hydrogen peroxide in 
the process of TCE decomposition by Fenton reaction. This happens by the oxidation-reduction 
of the ferrous and ferric irons contained in reaction solution. Therefore the difference in the 
reaction rate of TCE decomposition between with ferrous and ferric irons is our concern.  
Ultrasonic irradiation has previously been reported as a promising method for the 
decomposition of organic compounds. When ultrasonic wave is irradiated into water, hotspots 
ESTEEM Academic Journal  




p-ISSN 1675-7939; e-ISSN 2289-4934 
© 2015 Universiti Teknologi MARA (Pulau Pinang) 
 
2 
(reaction fields exhibiting high temperatures and pressures) are generated and organic 
compounds would likely be decomposed in the hotspots. In this research, Fenton reaction and 
ultrasonic irradiation were used for TCE decomposition as low cost and widely targetable 
advanced oxidation process. First of all, our previous results related to the TCE decomposition 
by Fenton reaction and ultrasonic irradiation are reviewed (Takuma, Kato and Kojima 2007; 
Takuma et al., 2008;  Kojima et al., 2009a, b; Saito et al., 2012). Then the recent results are 
reported. 
2. MATERIALS AND METHOD 
2.1 Effect of Valence of Iron Ion on the Decomposition Rate of TCE by Fenton Reaction 
Reaction temperature was set at 15oC in order to prevent TCE volatilization in the present 
experiment. The TCE-saturated solution (1.0 g/L, around 8 mmol/L, 50 mL) added with Fe ion 
(1 mmol/L) was mixed with hydrogen peroxide solution (0.5 mol/L, 50 mL). At some period 
after mixing (reaction start), the residual TCE in the 1 mL of the sample was extracted into 3 
mL and then 2 mL of hexane. After dehydration of the mixture of 5 mL of hexane solution by 
anhydrous sodium sulfate 1 mL was taken and 1 mL chloroform and 8 mL of  hexane was added. 
The TCE concentration was measured by a ECD gaschromatograph (Shimadzu GC-14B) with 
ULBON HR-1 (I.D. = 0.53 mm、Length = 30 cm、Film = 2.0 μm) column under the condition 
of injection temperature of 200oC. detection temp:200oC column TENP:40oC under the 
nitrogen flow with sprit ratio of 1:12.5. The decomposition rate of TCE by the Fenton reaction 
was measured and compared using both of ferrous ion (Fe2+) and ferric ion (Fe3+). 
2.2 Ultrasonic Strength Distribution 
The ultrasonic device (a water bath kept at 15oC) with four transducers of 4 cm diameter is 
shown in Figure 1. The distribution of ultrasonic strength in it was measured by piezoelectric 
receiver as the voltage amplitude on the oscilloscope. At first, an ultrasonic receiver was placed 
in the water bath with a water depth of 80 mm.  The height of the receiver end with the sensing 
part was kept at 30 mm from the bottom of water.  Next, the depth profiles inside the reaction 
glass vessels (conical flask and three-necked round flask) were measured by changing their 
locations in the ultrasonic device. 
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Figure 1: Ultrasonic irradiation device (water bath) and set-up. 
2.3 Effect on the Decomposition Rate of TCE by Ultrasonic Irradiation 
The TCE aqueous solution (0.5 g/L, around 4 mmol/L, 100 mL) in a three-necked round flask 
was placed at the middle center of the water bath (Figure 1) and irradiated of the ultrasonic 
wave was started. Solution was periodically sampled and the TCE concentration was measured 
as in the Fenton reaction experiments. 
3. RESULT AND DISCUSSION 
3.1 Rate of Equation Trichloroethylene Decomposition by Fenton Reaction 
Rate equation of the trichloroethylene decomposition by Fenton reaction was proposed 
(Takuma et al., 2007).   The rate was found to be first order to TCE concentration, first order to 
ferrous ion concentration and 0.5th order to the hydrogen peroxide concentration. It was also 
found that the TCE concentration was drastically decreased by Fenton reaction at the first stage 
of the decomposition, when using ferrous ion. It was explained by the very rapid formation of 
hydroxyl radical and its reaction with TCE by the reactions of 1 and 3 in Table 1.  Furthermore, 
it was suggested that the coexistence of other organic compounds might have inhibited the TCE 
decomposition rate. 
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3.2 Influence of Soil and Organic Matters on Decomposition of Trichloroethylene with 
Fenton Reaction 
Based on our results on the effect of coexistence of other compounds on the kinetics of 
decomposition of TCE by the Fenton’s reaction with Fe2+, effects of soil types on the 
decomposition rate of TCE was examined (Kojima et al., 2009b). The rate with soil except 
Toyoura sand was found to be lower than that in the case without soils. The rates of 
decomposition of TCE with and without black soil was found to be first-order to both 
concentrations of TCE and Fe2+, and half-order to hydrogen peroxide concentration by the 
Fenton’s reaction with Fe2+.  The decrease in the rate was suggested to be affected by both of 
the surface area and carbon content of the soil. 
3.3 Effect of Valence of Iron Ion on the Decomposition Rate of TCE by Fenton Reaction 
In Fenton reaction, when ferrous ion (Fe2+) is used, it turns out that the rapid decomposition of 
TCE occurs at the first stage, as reported in our previous study (Takuma et al. 2007). According 
to the reaction mechanism in Table 1, OH radical is produced when ferrous ion is oxidized with 
hydrogen peroxide to produce ferric ion (Fe3+) and it promotes the decomposition of TCE, while 
the ferrous ion is reproduced from ferric ion by equations 7, and 8. Thus, the OH radical is 
directly produced from ferrous ion while ferrous ion is also produced from ferric ion in the 
Fenton reaction. In the present paper, recent results on the effect of valence of iron ion are 
reported. 
The result of the Fenton reaction using the ferrous ion (Fe2+) and ferric ion (Fe3+) are shown in 
Figure 2 where TCE concentration was plotted against the reaction time on a semi-log scale 
paper according to the first order reaction kinetics. First of all, the reproducibility was 
confirmed.  Fairly amount of TCE was immediately decomposed after a reaction start (mixing 
of solutions) when Fe2+ was used. Moreover, even after the initial immediate decomposition, 
relatively fast decomposition of TCE was observed.  
ESTEEM Academic Journal  




p-ISSN 1675-7939; e-ISSN 2289-4934 




Figure 2: Result of Fenton reaction. 
3.4 Decomposition Rate of TCE Using Iron Powder 
The decomposition of TCE with iron powder was found to occur after some introduction period, 
which is not observed for that with ferrous iron. Regardless of the period, the decomposition 
rate was found to be analyzed as the first order reaction. The obtained first reaction rate 
constants were found to be proportional to the ion powder concentration, but the reaction order 
to hydrogen peroxide was changed with the range of its concentration. At relatively high 
concentration of hydrogen peroxide, the reaction order for the concentration of hydrogen 
peroxide became negative (Takuma et al., 2008; Saito et al., 2012). 
3.5 Decomposition Rate of Various Organic Compounds by Ultrasonic Irradiation 
We focused on sonochemistry which is a method of decomposing and removing these pollutants. 
In this study, the relationship between reaction rate of sonochemistry and operational 
parameters (sound pressure, initial concentration, and hydrophilicity of organic compounds) 
was investigated. The reaction rate was found to be increased with increasing sound pressure. 
The decomposition rates of compounds were found to increase but their pseudo first order rate 
constants were found to decrease with their increasing initial concentration, which suggests 
around half order kinetics. Finally, their reaction rates were found to increase when the smaller 
the hydrophilicity of decomposed compound (the greater the hydrophobicity of compound) 
becomes (Kojima et al., 2009a). 
3.6 Ultrasonic Strength Distribution 
The measured results of horizontal profiles inside the water bath are shown in Figure 3. The 
locations of the center of the four transducers are expressed as (x, y) = (55, 90), (125, 90), (90, 
55), (90, 125) in mm.  From this result, it turned out that there was hardly large difference in 
the ultrasonic strength among horizontally different measured points in the ultrasonic device 
though small difference in the strength is found depending on the relative location to the 
transducers. 
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Next, the results of depth profile inside the reaction conical flask, placing at the center of the 
transducers (①-④), and at the middle center of the four transducers (⑤) are shown in Figure 
4.  The vertical location of the glass vessel, namely the space between the reaction vessel and 
the bottom of the water bath also changed from 0 mm (without space) to 30 mm.  Almost flat 
ultrasonic strength profile is observed excepting the vicinity of the glass flask bottom when the 
flask is placed near the water bath bottom. 
Almost similar results are shown in Figure 5, when a three-necked round flask is used instead 
of a conical flask. Almost no difference is found between Figure 4 and Figure 5, which suggests 
the effects of reaction grass vessel type is small except the vicinity of the water bath/ vessel 
bottom.  It is suggested that the present results are explained by that the diffusion of the 
ultrasonic wave might be rapid after being released from the transducer. 
 
Figure 3: Distribution of ultrasonic strength. 
 
 
Figure 4: Ultrasonic strength at the center inside the conical flask with water amount of 100mL (water level of 
45mm, ①-④: just above transducers, ⑤: center of four transducers). 
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Figure 5: Ultrasonic strength at the center inside the three-necked flask with water amount of 100mL (water level 
of 45mm, ①-④: just above transducers, ⑤: center of four transducers). 
3.7 Effect on the Decomposition Rate of TCE by Ultrasonic Irradiation 
The results of TCE decomposition by ultrasonic irradiation are shown in Figure 6. Though the 
values of applied voltage was oscillated and averaged value for each experiment is different 
among experimental runs, almost same decomposition rate of TCE are observed which is 
consistent with the results of ultrasound strength. TCE decomposition rate by ultrasonic 
irradiation was slower than that by Fenton reaction of using ferrous ion. 
 
Figure 6: Reproducibility of TCE decomposition by Ultrasonic irradiation. 
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Initial rapid decomposition of TCE followed by fast first order decomposition reaction kinetics 
was observed in case when ferrous ion was used for Fenton reaction. In the case of ferric ion, 
the initial decomposition was not observed and the rate constant for the first order rate regime 
was smaller than for ferrous ion. While stable ultrasonic strength and decomposition rate of 
TCE were observed by ultrasonic radiation, the decomposition rate was smaller than that by 
Fenton reaction.  
REFERENCES 
Kojima, T., Nakae, T., Takuma, Y., Kato, S., & Satokawa, S. (2009a). Decomposition of 
harmful organic compounds with ultrasound wave. J. Chem. Eng. Japan, 42 (Supplement 
1), s56-s60. 
Kojima, T., Saito, H., Fukuda, K., Takuma, Y., Kato, S., & Satokawa, S. (2009b). The influence 
of soil and organic matters on decomposition of trichloroethylene with Fenton's reaction, 
J. Chem. Eng. Japan, 42 (Supplement 1), s23–s28. 
Saito, H., Tanaka, S., Fukuda, K., Takuma, Y., Kato, S., Satokawa, S., Yamazaki, A., & 
Kojima, T, (2012). Influence of pH and dissolved Fe ion concentration on decomposition 
of trichloroethylene with Fenton's reaction using iron powder. Kagaku Kougaku 
Ronbunsyu, 38 (5), 312-317. 
Takuma, Y., Fukuda, K., Kawata, K., Kato, S., Satokawa, S., & Kojima, T. (2008). 
Decomposition reaction rate of trichloroethylene by Fenton reaction using iron powder. 
Kagaku Kougaku Ronbunsyu, 34 (2), 309-312. 
Takuma, Y., Kato, S., & Kojima, T. (2007). Rate equation of trichloroethylene decomposition 
by the Fenton reaction. Environmental technology (in Japanese), 36(3), 198-204. 
 
 
